The X(3872) formation and decay processes in B decay are investigated by a cc-two-meson hybrid model. The two-meson state consists of the D 0 D * 0 , D + D * − , J/ψρ, and J/ψω channels. The cc(2P ) state couples to the two DD * channels. The energy-dependent decay widths of the ρ and ω mesons are introduced in the two-meson propagators. The isospin symmetry breaking in the present model comes from the mass difference of the charged and neutral D and D * mesons. It is found that very narrow J/ψρ and J/ψω peaks appear around the D 0 D * 0 threshold. The size of the J/ψπ 3 peak that we calculated is 1.27-2.24 times as large as that of J/ψπ 2 , which is comparable to the experimental results. It is also found that ratios of the transfer strengths provide information on the size of the cc-DD * coupling as well as the X(3872) binding energy.
Introduction
The X(3872) peak was first found by Belle in the J/ψππK observation from B decay [3] . Its mass is 3871.69 ± 0.17 MeV, which is very close to the D 0 D * 0 threshold, 3871.80 ± 0.12 MeV [4] . The full width is less than 1.2 MeV [5] , which is very narrow for such a highly excited resonance. Recently, its quantum numbers were determined to be J P C = 1 ++ [6] .
It is found that the X(3872) decays both to the J/ψρ and J/ψω states. This isospin mixing is very large compared to the usual degrees of the breaking. The decay fraction of X(3872) into π + π − J/ψ is comparable to that into π + π − π 0 J/ψ [7, 8] as
Br(X → π + π − J/ψ) = 1.0 ± 0.4 ± 0.3 (Belle) , 0.8 ± 0.3 (BaBar) .
(1) The X(3872) is discussed in many theoretical references [9, 10] . As for the J/ψρ or J/ψω spectrum, Coito et al. have shown that a thin peak can be reproduced by employing the resonance spectrum expansion [11, 12] . The shape of the D 0 D * 0 spectrum around the threshold in these works is essentially the same as that of the present work. In this work, we argue that the X(3872) is a hybrid state of cc and the two-meson molecule: a superposition of the cc(2P ) quarkonium and the D 0 D * 0 , D + D * − , J/ψρ and J/ψω molecular states. We have found that this picture explains many of the observed properties of the X(3872) quantitatively [1, 2] : the fact that the X(3872) can be a shallow bound state (or an S-wave virtual state), that a thin peak appears at around the D 0 D * 0 threshold, and the absence of the χ c1 (2P ) peak in the J P C = 1 ++ spectrum. We also found that the mass difference of the charged and neutral D and D * mesons can give the observed size of the isospin symmetry breaking due to the large decay widths of the ρ and ω mesons. Moreover, we define two kinds of ratios of the transfer strengths, which reflect the size of the cc-DD * coupling or the binding energy of X(3872). Or, conversely, we argue that the size of the coupling or the attraction between D and D * mesons can be estimated by the observed ratios of the transfer strengths though in a model-dependent way. This will enable us to discuss various systems with the heavy mesons quantitatively.
Method
The model space consists of the two-meson state (P ) and the cc quarkonium (Q), which is treated as a bound state embedded in the continuum (BSEC) [13] . The model Hamiltonian, H, can be written as
where
0 + V P is a nonrelativistic Hamiltonian for the two-meson systems, and V P Q and V QP are the transfer potentials between the P -and
is a c-number and corresponds to the bare BSEC mass: the cc mass before the cc-DD * coupling is switched on. V P and V QP are
We use a typical hadron size for the value of the cutoff, Λ. The v ij and g i are the strengths of the potentials and assumed to be
for the D 0 D * 0 , D + D * − , J/ψω, and J/ψρ channels, respectively. The parameter sets that we used are listed in Table I [ 2] . As for the parameter set A, v is taken to be as attractive as possible on the condition that there is no bound state in the BB * system if the same potential but without bb-BB * coupling is applied there. The u is taken from a quark model, while g is a free parameter to produce the X(3872) peak at the observed energy. In QM, v and v are also taken from the quark model. We solve Lippmann-Schwinger equation for the case with the BSEC, and obtain the transfer strength from the cc to the f th channel of the two-meson state, W (cc → f ), as [2, 13] 
where E is the energy of the system when the center of mass of D 0 D * 0 is at rest. µ f , k f , and Γ f are the reduced mass, the momentum, and the energydependent width of the f th channel.G (P ) (G Q ) is the full propagator of the two-meson state (the cc state) with the ω and ρ widths. |f ; k is the plane wave function with the momentum k. Here, we define two kinds of ratios of the transfer strengths around the X(3872) mass, m X(3872)
with
Results and discussions
The transfer strength, dW/dE, from the cc quarkonium to each of the final two-meson states, D 0 D * 0 , D + D * − , J/ψρ and J/ψω is shown in Fig. 1 (a) for the parameter set A. The lines for D 0 D * 0 , D + D * − , and J/ψρ correspond to the observed spectrum though the overall factor arising from the weak interaction should be multiplied. In order to obtain the J/ψπ 3 spectrum, the fraction Γ ω→3π /Γ ω = 0.892 [4] should be multiplied furthermore to the J/ψω spectrum. In Fig. 1 (b) , we plot the same spectra around the D 0 D * 0 threshold on a different scale. We choose g to have a bound X(3872) at 3871.69 MeV, which gives rise to a peak in the J/ψπ n spectrum with a small but nonzero width due to the ω and ρ meson widths. Figure 1 (c) corresponds to the parameter set A with a weakened cc-DD * coupling: 0.9(g/g 0 ) 2 . Though the bound state exists no longer, a sharp peak is still found at the D 0 D * 0 threshold. In both of the cases, the peak in the J/ψπ n spectrum is lighter in the energy and has a smaller decay width than the peak in the D 0 D * 0 spectrum; this feature is consistent with the experiments [14, 15] . We found that all of the present parameter sets produce a thin J/ψπ n peak at around the D 0 D * 0 threshold with an appropriate choice of g [2] . The mechanisms to form X(3872), however, can be different from each other.
To look into what kinds of observables can be used to distinguish these mechanisms, and to investigate the size of the isospin symmetry breaking, we calculated the values of various ratios of the transfer strengths.
In Fig. 2 (a) , we show R Γ , defined by Eq. (8), where X is taken to be the upper limit value of Γ X(3872) , 1.2 MeV. This ratio R Γ is found to be 2.24 for the parameter set A. This result is somewhat larger, but comparable to the experimental results, which are shown in Eq. (1) as well as in the figure. R Γ varies rather widely according to the parameters (g/g 0 ) 2 . As the cc-DD * coupling becomes smaller, the ratio R Γ becomes smaller, and the degree of the isospin symmetry breaking becomes larger. One can estimate the size of the cc-DD * coupling (and therefore the attraction between D and D * ) from the observed size of the isospin symmetry breaking. The experimental results suggest that (g/g 0 ) 2 ∼ 0.3-0.5. 2 . In Fig. (b) , the ratios with the = 4 MeV (8 MeV) are denoted by circles (triangles), and those with the bound states are denoted by the solid marks. Fig. (a) is taken from Ref. [2] .
